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We recently established a non-human primate model of rotavirus infection that is characterized by consistent and high levels of virus
antigen shedding in stools. Here, we report that starting from post challenge day (PCD) 2, 6  103 to 1.5  106 copies of rotavirus double-
stranded RNA per nanogram of total RNA were detected by real-time PCR in MA104 cells that were 48 h pre-incubated with filtered stool
suspensions of three experimentally infected juvenile macaques. The peak of virus load was detected at PCD 4–5, followed by decreased
load at PCD 6–11, and very low levels at PCD 12. Such a pattern corresponded to virus shedding in stools as reported recently based on
enzyme-linked immunosorbent assay (ELISA) results. In addition, plasma and cerebrospinal fluids (CSF) from six infected animals were
tested for the presence of rotavirus. Rotavirus extraintestinal escape was revealed in three out of six animals by a combination of real-time
and nested PCR. However, very low quantities of detected viral RNA (¨20 copies/ng of total RNA) were not suggestive of viremia. Thus,
the rhesus model of rotavirus infection can be exploited further in studies with vaccine candidates designed to prevent or abrogate rotavirus
infection.
D 2005 Elsevier Inc. All rights reserved.Keywords: Rotavirus; Rhesus; dsRNA; RT-PCR; Nested PCR; Real-time PCRIntroduction
Rotaviruses along with caliciviruses are the most
common etiological agents of diarrhea in infants and young
children worldwide (Glass et al., 2000; Hoshino and
Kapikian, 1996). Rotavirus diarrhea occurs most frequently
in 6- to 36-month-old children and approximately 600,000
deaths occur each year among children in developing
countries (Birch et al., 1977; Glass et al., 2004; Parashar
et al., 1998, 2003; Ward et al., 2004). Several vaccine0042-6822/$ - see front matter D 2005 Elsevier Inc. All rights reserved.
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E-mail address: ksestak@tulane.edu (K. Sestak).candidates aimed to prevent rotavirus infection have been
developed but none are available for routine immunization
at present (Kapikian et al., 1992; Midthun and Kapikian,
1996; Santos and Hoshino, 2005; Ward et al., 2004). In
order to test the efficacy and safety of rotavirus vaccine
candidates, a reliable animal model is needed. Recently, we
established a non-human primate model of rotavirus
infection (McNeal et al., 2005; Sestak et al., 2004). Since
this model is characterized by high and consistent levels of
virus shedding in stools but less consistent clinical
manifestation of diarrhea, it is vitally important to be able
to quantify the load of rotavirus in stools of rhesus
macaques as the correlate of intestinal infection.
Traditionally, in order to detect rotavirus from stool
samples, methods such as ELISA, latex agglutination (LA),
electron microscopy (EM), and polyacrylamide gel electro-05) 248 – 256
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1996). EM has been the diagnostic method since the
discovery of the virus in 1973 (Bishop et al., 1973). The
lack of sensitivity of EM is however its limitation. It was
estimated that a quantity of <106 virus particles per gram of
stools would likely not be detected by EM (Doane, 1994).
The LA assays are used to pre-screen clinical specimens, but
also lack sensitivity (Raboni et al., 2002; Sanekata et al.,
1981). Because of its simplicity and sensitivity, ELISA is
the method of choice in many of the diagnostic laboratories
today (McNeal et al., 2005; Rabenau et al., 1998; Sestak et
al., 1999). This technique is 10–100 times more sensitive
than EM, and <1 ng of purified human rotavirus can be
detected using the optimized ELISA (Grauballe et al.,
1981).
Molecular biological techniques including hybridization,
reverse transcriptase PCR (RT-PCR), and quantitative
reverse transcriptase PCR (QRT-PCR) were developed as
more sensitive alternatives to traditional assays for rotavirus
detection (Flores et al., 1983; Gouvea et al., 1990; Rasool et
al., 1993; Schwarz et al., 2002). By using RT-PCR, the
detection rate of rotavirus was increased by 15–27% (Pang
et al., 1999; Simpson et al., 2003; Xu et al., 1990) and the
sensitivity increased 100 times compared to ELISA (Buesa
et al., 1996; Husain et al., 1995; Wilde et al., 1990). Since
there are frequently compounds and/or inhibitors present in
the stool samples that might diminish the efficiency of
reverse transcriptase and DNA polymerase, modified pro-
tocols were established in which total or viral RNA is
extracted from rotavirus-infected cells previously cultured in
vitro with filtered stool fluids instead of directly from stools
(Buesa et al., 1996; Kim et al., 2002).
Competitive PCR is a commonly used quantitative
method (Piatak et al., 1993; Scadden et al., 1992); however,
this technique is labor intensive and is only semi-quantita-
tive (Ferre, 1992; Sestak et al., 2003). The more recently
developed real-time PCR represents a technological advance
in the field of molecular diagnostics, characterized by high
accuracy, sensitivity, and reproducibility (Bustin, 2000). It
was demonstrated that as few as 10 copies of RNA can be
amplified by real-time PCR (Schwarz et al., 2002). Pang et
al. (2004b) reported the detection of rotavirus in stool
samples diluted as much as 109 using real-time PCR. As
of today, data regarding the use of real-time PCR for
quantification of rotavirus are few and limited to human
clinical specimens (Kang et al., 2004; Kurokawa et al.,
2004; Pang et al., 2004b). Since rotavirus is shed in large
quantities during acute infection (Midthun and Kapikian,
1996), it is valuable to quantify fecal shedding as the
correlate of infection.
In this study, we used real-time PCR to measure rotavirus
load in samples from experimentally infected macaques.
The rotavirus strain we used (TUCH) was recently described
in detail elsewhere (McNeal et al., 2005). In addition, we
used real-time PCR in conjunction with nested PCR to
examine the CSF and plasma samples collected fromjuvenile macaques after a detectable rotavirus infection in
order to investigate the possibility of rotavirus extraintesti-
nal escape (Blutt et al., 2003; Mossel and Ramig, 2002;
Ramig, 2004).Results
Design of RT-PCR-based protocols for detecting and
quantifying TUCH rotavirus
Total RNA was isolated from cultured MA104 cells
previously pre-incubated with filtered suspensions of tested
samples. TUCH rotavirus VP6 gene-specific primers were
used to detect and quantify rotavirus in tested samples by
first-round or nested PCR, in combination with real-time
PCR. For those samples in which rotavirus was undetectable
by first-round PCR, nested PCR was further employed in
conjunction with real-time PCR. TUCH rotavirus VP6 outer
primers were used in the first-round PCR, which amplified a
489-bp sequence in the VP6 gene (nt 600–1089), and the
VP6 inner primers were used in nested PCR and real-time
PCR, which amplified a 140-bp sequence in the VP6 gene
(nt 874–1014). DNA sequencing was used to verify the
specificity of first-round and nested PCR amplification
products: 99% identities were found between the TUCH
VP6 gene and PCR products (data not shown).
Quantification of TUCH rotavirus by real-time PCR
Generation of standards
The glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
gene was used as the external standard of known DNA
concentration to extrapolate the VP6 gene copy numbers. It
was serially (10-fold) diluted in a range from 4.2  107 to
4.2  102 copies per reaction. The GAPDH forward and
reverse primers were used to generate the 108 base pair
product. The GAPDH standard curve revealed an excellent
correlation between the Ct value and GAPDH copy numbers
(r = 0.999). The melting curve of the GAPDH standard
showed a single sharp peak at the temperature of 81.8 -C,
while the non-template control (NTC) showed no significant
fluorescent signal (not shown), indicating a high specificity
of amplification for the GAPDH standard in real-time PCR.
The standard curve was used for enumeration of rotavirus
copy numbers in all of the tested samples.
Quantification of TUCH rotavirus in stool samples
A total of 48 stool samples collected from three juvenile
rhesus macaques were analyzed by real-time PCR. In order
to avoid highly variable results due to the presence of RNA
inhibitors in stools, total RNA was extracted from MA104
cells that were pre-incubated with filtered sample suspen-
sions for 48 h rather than directly from stools. The primers
amplified a 140-bp (nested PCR site) sequence in the TUCH
VP6 gene, similar in length to that of the GAPDH standard
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each of the three macaques revealed a wide range of viral
loads present in analyzed specimens (Fig. 1A). The
specificity of the real-time PCR for all the samples was
verified by melting curves (Fig. 1B). The single sharp peak
of each melting curve and the identical melting temperature
(80.6 -C) corresponding to multiple rotavirus-positive
samples and the TUCH rotavirus positive control suggested
that the amplification was rotavirus-specific. Additional
peaks, that would have indicated the presence of nonspecific
amplification, were not observed in any of the samples
including the TUCH rotavirus positive control.
The real-time PCR was able to detect changes in copy
numbers among samples collected at different PCDs (Fig.
2A). The results revealed high average levels of viral RNA
copies starting from PCD 2 (3.8  105 copies/ng of
extracted total RNA) contained in total RNA obtained from
MA104 cells that were pre-incubated with the filtered stool
suspensions from all three macaques. The peak of viral
shedding extrapolated by this method occurred at PCD 4–5,
followed by decreased shedding at PCD 6–11, and very low
levels at PCD 12 (Fig. 2A). At the level of 20 copies, the
differences between the negative and positive samples couldFig. 1. (A) Amplification plots (fluorescence signal versus cycle number)
reflecting the different loads of TUCH rotavirus corresponding with 16
stool samples collected at PCD 0–15 from macaque #2. During the initial
cycles of amplification reaction, no or a very small change in fluorescence
signal above the baseline ( y = 0) is observed. An increase in fluorescence
above the baseline indicates the detection of accumulated PCR product. (B)
Melting curves (x = temperature, y = changes in density of fluorescence
signal) of the stool samples. Each sample produced a single sharp peak, and
all of them overlapped and showed the same melting temperature (80.6 -C).no longer be reliably determined without the help of
additional tools such as nested PCR or DNA sequencing.
Therefore, the assay cutoff was determined at the level of 20
copies/ng of total RNA.
The melting curve characteristics of the real-time PCR
indicated that temperature peaks of both TUCH and
GAPDH genes were located within the 81 T 1 -C interval.
These results were corroborated by two independent real-
time PCR tests for each sample. In addition, the absence of
genomic DNA in RNA samples was verified by comparing
the real-time PCR cycles with and without reverse tran-
scriptase. No rotavirus-specific product was detected in
samples without reverse transcriptase.
Corroboration of TUCH rotavirus load in stools by ELISA
The ELISA values corresponding to rotavirus rectal
shedding by three macaques (FB82, FB88, and FB97) were
used in our study to validate results generated by real-time
PCR (Fig. 2A). These values were individually reported
elsewhere (McNeal et al., 2005). In our study, averages T
SEM (standard error mean) at each time point corresponding
to 3 specimens from the 3 above animals were used to
compare the ELISA viral load data with that of real-time
PCR. A positive correlation (r = 0.78, P < 0.001) was found
between the real-time PCR and ELISA results (Fig. 2B).
Reproducibility of results generated by our real-time PCR
was evaluated by multiple (8) testing of five samples of
different viral loads including a negative control. Variability
of resultant viral loads did not surpass 3  SEM for any of
the 5 sets (Fig. 2C).
Sensitivity of first-round, nested and real-time PCR
Based on the GAPDH standard, the real-time PCR
sensitivity threshold was set at the level of 20 copies/ng of
extracted total RNA. Less than 20 copies/ng RNA yielded
real-time PCR signals that were not distinguishable from
negative samples. When comparing this sensitivity with
sensitivities of first-round and nested PCR, we found that
nested PCR was the most sensitive. At least 10 and 1000
times higher sensitivity of nested PCR than that of real-
time and first-round PCR was found, respectively. Thus,
deployment of real-time PCR in conjunction with nested
PCR was used in a few selected cases (CSF and plasma
sample) in which low (20 copies) amounts of TUCH
rotavirus were detected. In addition, if such a screening
resulted in positive nested PCR amplification, DNA
sequencing was used to confirm the authenticity of the
amplification product.
Detection of rotavirus in plasma and cerebrospinal fluids
(CSF)
In order to investigate the possible spread and/or escape
of rotavirus outside the gastrointestinal tract in our juvenile
Fig. 2. Stool samples that were collected from three TUCH rotavirus-infected juvenile macaques were tested by both ELISA and real-time PCR assays to
approximate the load of rotavirus in stools. (A) ELISA values reflect the amount (ng per ml of 20% stool suspension) of rotavirus antigen while real-time PCR
values reflect the number of rotavirus VP6 copies per ng of total RNA that was extracted from MA104 cells. Mean and standard error bars were calculated for
each time point based on values corresponding to 3 samples from 3 animals. (B) Correlation between the real-time PCR and ELISA was evaluated by
Spearman’s test ( P < 0.001, r = 0.78). (C) Five samples of different viral loads including the negative control were each amplified in eight independent MA104
cultures and tested by real-time PCR to verify the assay’s reproducibility. For each of the 5 sets, variability of resultant viral loads did not surpass 3  SEM.
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the CSF and plasma samples collected at PCD 7 after a
detectable TUCH rotavirus infection from six animals. The
results of real-time PCR showed very few copies (20) of
virus in samples from all six animals. Since these values
were either at the limit or below the assay’s sensitivity cutoff
value, nested PCR was employed. Two plasma samples and
one CSF sample from three out of six animals showed
positive results by nested PCR (Fig. 3). DNA sequencing
analysis confirmed that the nested PCR products were
TUCH rotavirus VP6 gene specific (>99% sequenceFig. 3. Detection of rotavirus in plasma and cerebrospinal fluids (CSF) by
nested RT-PCR. One Al of cDNA prepared from plasma or CSF samples
collected at PCD 7 from six TUCH rotavirus-infected macaques was used
as the template of first-round PCR, and 1 Al of the first-round PCR products
was used as the template for nested PCR. Lanes 1–6—plasma# 1–6, lanes
7–12—CSF# 1–6, lanes 13–14—negative controls. In two plasma
samples (lanes 1 and 4) and one cerebrospinal fluid sample (lane 12),
rotavirus-specific RNA was detected by nested PCR. The TUCH rotavirus
specificity of all three amplification products was confirmed by DNA
sequencing (>99% homology).homology), indicating the TUCH rotavirus in extraintestinal
samples of juvenile rhesus macaques, although in very low
quantities.Discussion
Based on the TUCH rotavirus VP6 gene, which encodes
the most abundant protein of the virus, we implemented a
sensitive quantitative RT-PCR system, capable of detecting
and quantifying TUCH rotavirus RNA. In order to
accomplish this with stool specimens that are known to
contain high levels of RNA degrading enzymes and other
components that might interfere with PCR, we implemented
a method where filtered stool suspensions were pre-
incubated with rotavirus-susceptible cells (MA104) for 48
h prior to extraction of total RNA from these cells. This
approach was successfully used in other studies with PCR
amplification of feces-borne RNA viruses (Buesa et al.,
1996; Kim et al., 2002).
To generate cDNA, we chose the random priming
method instead of target-specific synthesis due to the
following reasons: Target-specific primers synthesize spe-
cific cDNA, but require separate priming reactions for each
target, hence it is not possible to return to the same
preparation and amplify other targets at a later stage. Thus, it
might not be practical if only limited amounts of RNA are
available. Although random primers generate both non-
W. Zhao et al. / Virology 341 (2005) 248–256252specific and specific cDNA transcripts, they also yield more
cDNA (Bustin and Nolan, 2004; Iturriza-Gomara et al.,
1999). There have been several reports that real-time PCR
works as well with a DNA-binding dye as it does with
fluorescent sequence-specific probes (Hein et al., 2001;
Ramos-Payan et al., 2003). We chose the SYBR green I
probe in this study because this approach allows the
detection of DNA generated during PCR (Morrison et al.,
1998), and it can be incorporated into established protocols
that use legacy primers and experimental conditions (Bustin
and Nolan, 2004).
Utilizing the real-time PCR technology, we detected and
further evaluated rotavirus RNA load in proportion to total
RNA from cells pre-incubated with filtered stools collected
from three TUCH rotavirus-infected rhesus macaques.
Large quantities of rotavirus shed in feces of all three
macaques between PCD 4 and 5 were detected by this
method. These results were consistent with those of ELISA
reported elsewhere (McNeal et al., 2005; Sestak et al.,
2004). The reason why the correlation coefficient between
the two methods was only moderate (r = 0.78) was possibly
due to more rapid amplification of TUCH rotavirus in cases
of samples with high viral loads than these with low viral
loads during 48 h of virus pre-incubation with MA104 cells.
We hypothesize that in cases of human rotavirus strains that
are capable of infecting simian MA104 cells but are not
amplifying as aggressively as TUCH rotavirus, this corre-
lation would be higher. In such instances, however, relevant
PCR primers would have to be utilized. Also, a shorter
period (12–24 instead of 48 h) of sample pre-amplification
on MA104 cells could improve the correlation with ELISA.
To maintain the consistent conditions in this study, the
incubation time of all samples with MA104 cells were kept
48 h. No cytopathic effect, cell lysis, and/or release of viral
particles into cell-culture media were observed (Supple-
mentary data). Limitations of this quantification system are
(a) the virus must maintain its infectivity in order to enter
the MA104 cells and (b) an imperfect correlation with
direct quantification (ELISA). If consistent and high yields
of sufficiently pure RNA could be achieved directly from
stool samples, the above limitations could likely be
avoided.
Our protocol utilized the GAPDH house-keeping gene as
an external standard and SYBR green I dye to label the
amplification products. SYBR Green I is able to bind the
double-stranded DNA products in real-time during the
amplification reaction (Giulietti et al., 2001; Poddar, 2004;
Xu and Miller, 2004). The sensitivity of our real-time PCR
was estimated at the level of 20 copies/ng of total RNA that
was 102 times more sensitive than first-round PCR. Such
sensitivity is in agreement with results reported by Pang et
al. (2004a). When performed in conjunction with nested
PCR, our real-time PCR system could detect even a single
copy of rotavirus RNA in 1 ng of total RNA.
Based on reports of rotavirus extraintestinal escape and
suggested viremia in children (Blutt et al., 2003; Kawa-shima et al., 2004; Mossel and Ramig, 2002; Ramig,
2004), we decided to test the serum and CSF samples
collected from six juvenile macaques at the acute stage of
rotavirus infection for the presence of rotavirus-specific
RNA. We were interested to determine (a) if rotavirus can
be detected in extraintestinal sites of infected juvenile
macaques and, if so, (b) in what quantities. In order to
assure the accuracy and sensitivity of our detection system,
we performed real-time PCR in conjunction with nested
PCR. In our detection system, nested PCR was at least 103
times more sensitive than first-round PCR, consistent with
findings of Yamakawa et al. (1995). Using the combination
of nested PCR and real-time PCR, we detected the TUCH
rotavirus VP6 gene in very low copy numbers (20
copies/ng RNA) in three out of six rotavirus-infected
animals (two plasma samples and one CSF sample).
Despite the very low copy number, we confirmed by
DNA sequencing that these nested PCR products were
TUCH rotavirus VP6 gene-specific. Thus, our results
corroborated the results of others that rotavirus might
escape outside the gastrointestinal tract (Blutt et al., 2003;
Mossel and Ramig, 2002; Nishimura et al., 1993; Ushijima
et al., 1994). Moreover, our study is the first to report the
escape of rotavirus into extraintestinal tissues of any non-
human primate. Interestingly, in one macaque, we were
able to reveal the presence of TUCH rotavirus RNA in an
immunoprivileged site, i.e., the central nervous system.
This finding might support the clinical observations of
Kawashima et al. (2004) who suggested the link between
the rotavirus-induced gastroenteritis and encephalopathy in
some Japanese children. Nevertheless, further pathogenesis
studies need to be conducted in order to fully elucidate
the significance of the observed rotavirus extraintestinal
escape.
In summary, we report the development and application
of a new, sensitive molecular technique for detection of
TUCH rotavirus in samples from non-human primates. Our
real-time PCR can be used as a quantitative tool in studies
with rotavirus vaccine candidates where the main objective
is to demonstrate the reduction or complete abrogation of
intestinal rotavirus infection. Moreover, our nested PCR
combined with real-time PCR can be utilized in patho-
genesis studies to track the low quantities of virus in
extraintestinal tissues.Materials and methods
Rhesus macaques and sample collection
Stool, plasma, and cerebrospinal fluid (CSF) samples
were collected from six rotavirus-infected juvenile rhesus
macaques (Macaca mulatta, FB82, 83, 88, 91, 97, and
FC06). Animals derived by cesarean sections were infected
orally with TUCH rotavirus at the age of 3 weeks and kept
in biosafety level 2 (BL2) in accordance with standards of
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the Association for Assessment and Accreditation of
Laboratory Animal Care as described in detail elsewhere
(McNeal et al., 2005; Sestak et al., 2004). Stools were
collected daily up to 4 weeks post challenge and frozen at
80 -C upon collection. Five hundred microliters of
plasma and/or CSF was collected on the PCD 7 and stored
at 80 -C.
Pre-amplification of rotavirus-suspect samples on MA104
cells
Stool specimens were thawed at room temperature,
weighed, suspended in 10% (w/v) phosphate-buffered saline
(PBS; pH 7.4), and centrifuged for 10 min, at 57g, 4 -C to
remove the debris. Liquid supernatants were filtered through
a 40-Am pore size filter (Fisher Scientific Company,
Pittsburgh, PA). Bacteria-free supernatants were diluted
(30% v/v) with Eagle’s Minimum Essential Media (MEM,
ATCC, Manassas, VA) and 500 Al of suspension was
incubated with 25 Ag/ml of trypsin-EDTA (Cat#15400-054,
Gibco, Carlsbad, CA) at 37 -C for 30 min, then added to
simian epithelial cell line MA104 (ATCC) monolayers
previously grown to confluence in 25 cm2 cell culture
flasks (Fisher Scientific, Pittsburgh, PA). After incubation
(37 -C, 60 min, slow rocking), the inoculum was removed
and 5 ml of MEM was added to each flask. Flasks were
incubated at 37 -C with 5% CO2 for 48 h. For plasma and
CSF samples, 500 Al of trypsin-treated, 30% MEM (v/v)
sterile sample suspensions were used to infect the MA104
cells as described above for stool samples.
Isolation of total RNA
After 48 h of incubation with MA104 cells, the total
RNA was extracted from harvested cells using the Tri-
reagent (Molecular Research Center, Cincinnati, OH)
according to the manufacturer’s instructions. Equal volumes
of MEM and cell-culture adapted TUCH rotavirus (104
fluorescein focus units per milliliter) were used as negative
and positive controls, respectively. Extracted total RNA
was quantified by spectrophotometry at 260 nm and stored
at 80 -C. RNA integrity was determined visually using
1.0% denaturing agarose gels with 1 MOPS (Sigma, St.
Louis, MO) running buffer according to standard protocols
(Sambrook et al., 1989).
cDNA synthesis
Reverse transcription was performed with 1 Ag of total
RNA and 0.25 Ag of random hexamers (Integrated DNA
Technologies, Coralville, IA) in a total volume of 5.5 Al, at
70 -C for 5 min to melt any secondary structures within the
template. Following the reverse transcription, reaction
mixture was cooled immediately on ice for 2 min and the
following components were added to the primer/templatemixture: 2.5 Al of 5 reaction buffer (250 mM Tris–HCl
[pH 8.3], 375 mM KCl, 15 mM MgCl2, and 50 mM DTT),
100 units of M-MLV Reverse Transcriptase (Promega,
Madison, WI), 2.5 Al of dNTP containing 10 mM of dATP,
dCTP, dGTP, and dTTP (SIGMA, St. Louis, MO), 12.5
units of RNasin Ribonuclease Inhibitor (Promega, Madison,
WI), and nuclease-free water in a final volume of 12.5 Al.
The reaction mixture was incubated at 37 -C for 60 min
followed by incubation at 70 -C for 10 min to inactivate the
M-MLV Reverse Transcriptase.
Primers
TUCH-rotavirus-specific primers
Two pairs of rotavirus-specific primers were designed
based on TUCH rotavirus VP6 gene sequence (GenBank
accession number AY594670) using the Seqweb version 2
software (Accelrys, San Diego, CA). The forward outer
primer (5V-CGCTCCAGCCAATACACAAC-3V) and the
reverse outer primer (5V-CGGTGGAAAAACAGGTC-
CAAC-3V) that amplified a 489-bp fragment (nt 600–
1089) of the TUCH VP6 gene were used in first-round PCR.
The forward inner primer (5V-TTCCAATTGTTGCGCC-
CAC-3V) and reverse inner primer (5V-AGCATCAGCAAG-
TACTGATTCG-3V) that amplified a 140-bp fragment (nt
874–1014) of the TUCH VP6 gene were used in nested-
PCR and real-time PCR. The primers were synthesized by
Integrated DNA Technologies. These primers were TUCH-
rotavirus-specific. Only 86% sequence identities were
found with other group A rotaviruses based on BLASTN
searches in GenBank database (Table 1).
Primers for human glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) house-keeping control gene
The primers for GAPDH gene were designed based on
Homo sapiens GAPDH sequence (GenBank accession
number BC023632) using the Seqweb software, version 2
(Accelrys). The forward primer (5V-ACTCCTCCACCTTT-
GACGCTG-3V) and reverse primer (5V-GGTCCACCA-
CCCTGTTGCTG-3V) amplified a 108-bp fragment of the
GAPDH gene. The primers were synthesized by Integrated
DNATechnologies. The GAPDH-based standard curve was
used for enumeration of rotavirus copy numbers in all of the
tested samples.
First-round and nested PCR
The TUCH VP6 outer primers were used in the first-
round PCR. One Al of 1:80 ddH2O-diluted cDNA was used
as the template (equivalent to 1 ng of total RNA). The first-
round PCR was performed at 95 -C for 3 min, followed by
30 cycles of 95 -C for 1 min, 55 -C for 1 min, 72 -C for 2
min, and a final extension step of 72 -C for 10 min using the
16-well thermocycler (MJ Research, Watertown, MA).
Nested PCR was carried out under the same conditions,
Table 1
Comparison of nucleotide identities of the TUCH rotavirus VP6 gene-
specific real-time PCR product with counterparts of 21 other group A
rotaviruses
Group A rotavirus Identity [%] with
TUCH simian rotavirusa
GenBank
accession number
IS2 (human) 86 X94617
US1205 (human) 86 AF079357
TB-Chen (human) 81 AY787645
97VB53 (human) 81 AF260931
E210 (human) 80 U36240
116E (human) 78 U85998
CJN (human) 77 AF461757
Wa (human) 78 K02086
SA11 (simian) 80 AY187029
BRV033 (porcine) 81 AF317126
B223 (porcine) 80 AF317128
CRW-8 (porcine) 79 U82971
NCDV (bovine) 85 AF317127
22R (bovine) 85 AB040055
WC3 (bovine) 81 AF411322
H-2 (equine) 80 D00324
FI-14 (equine) 80 D00323
LP14 (ovine) 84 L11595
EDIM (murine) 78 U65988
EW (murine) 78 U36474
EmcN (murine) 78 AY267007
a Sequence identities were determined based on BLASTN searches in
GenBank database.
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1 Al of first-round PCR product. The PCR products were
visualized with ethidium-bromide after electrophoretic
separation in 2.0% agarose gels according to standard
protocols (Sambrook et al., 1989) and the images were
recorded using the Alpha Imager 2000 Documentation and
Analysis System (Alpha Innotech, San Leandro, CA).
Quantification of TUCH rotavirus by real-time PCR
Real-time PCR was carried out using the ABI Prism
7700 Sequence Detection System (Applied Biosystems,
Foster City, CA). Each PCR reaction included 10 Al of 2
master mix (DyNAmo HS SYBR Green qPCR Kit, MJ
research, Waltham, MA). It contained modified DNA
polymerase, SYBR Green I, PCR buffer, 5 mM MgCl2,
dNTP mix including dUTP, 0.5 AM of TUCH VP6 inner
or GAPDH primers, 1  ROX reference dye, cDNA
(equivalent to 1 ng of total RNA) from the RT reaction.
After heating each sample to 95 -C for 15 min, it was
followed by 40 cycles consisting of 94 -C for 10 s, 55 -C
for 30 s, and 72 -C for 30 s. All tested samples were run in
duplicate. Two negative controls were used for each run. The
quantity of the TUCH rotavirus VP6 gene was deduced from
the regression line and translated into copy number per
nanogram of total RNA by using the SDS 1.9.1 Software
(URL: http://www.appliedbiosystems.com/support/software/
7700pdates.cfm, Applied Biosystems). The melting curves
were obtained with ABI Prism 7700 software, version 1.7(http://www.appliedbiosystems.com/support/software/
7700pdates.cfm, ABI).
Quantification of TUCH rotavirus in stool samples using the
ELISA
The subsets of previously reported (McNeal et al., 2005)
ELISA values associated with the presence of TUCH
rotavirus in stools of our three rhesus macaques (FB82,
FB88 and FB97) were used to calculate the group means
and standard error means with the objective to compare
these results with real-time PCR (Fig. 2).
Statistical evaluation of correlation between real-time PCR
and ELISA
The correlation between the real-time PCR and ELISA
viral loads was evaluated by Spearman’s test.Acknowledgments
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